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Abstract 



PROBLEM TO BE SOLVED: To trigger no chemical reaction even when a conductive 
polysilicon is used as a lower part electrode in succession in a semiconductor DRAM process, 
by forming a composite dielectric film comprising an alumina layer and an aluminum nitride 
layer on the upper part of a conductive layer with a pattern by an atomic layer vapor-deposition 
method. 

SOLUTION: A silicon oxide film 101 is formed on a semiconductor substrate 100 first, and a 
storage polysilicon 102 is formed as a lower part electrode constituting a charge storage 
capacitor, over which an alumina 103 is formed by an atomic layer vapor-deposition method. 
Being amorphous, the alumina film is excellent in step coverage, almost to 100%. Then the 
alumina layer 103 and an aluminum nitride layer 104 are repeatedly formed by the atomic layer 
vapor-deposition method in situ, forming an AI203/AIN composite dielectric thin film 115, over 
which a doped polysilicon is vapor-deposited to form the upper part electrode of a DRAM 
capacitor. 
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tins] ^ttisi&tf u mzs 

RAM**"£'?Atf*olltt£&£&iltt-£. 

m&m] *mtwm#&Rt, w^mmm (a 
ld ) £5£&hjbu r^s-f/r/i'S-^A^-f f-7 

>f F (A 1 2 0 3 /A 1 N) 7/P5-'?A-M 
4 H/7;l-5-»?A^Jf^ (oxy) -M h7-f F (A I 

n/a i on) ^^%m/mmmwmmw!m'Kv 

DRAM Hit * -v a* ? ii „ ^if^rigft^l 
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{mm. i ] *mmm±izmmm&%s8.i-z>mg •. 
^-ym^ixtzmnm±.mzM.=f-mm (ald) 

3X'7)V$.1- (A l 2 0 3 ) mtT)Ui~^M.i-^ h54 

main) mn^mmfomBfcftfm ■, 

MM WnuS-^A (TMA) &V—XffXb LX 
«SS£3 0 0-4 5 OXXatftU J^l^t (A 
LD) ^T'T^S-fliT/PS-^A-M F5M Fl 

*5 1 (cESsCDD RAMdf ?SB£3r}£ 0 

4 5 0-6 0 0°C«t1tL, IS^JII* (ALD) ^ 
TTfrz.1-mt7fr~i~TyA.i-4 by A Vm^ixRX'K 

miTmMnmfoM*Bfcfmm$mmmi tie 

^^titcv-x^fx^xmmzx r ). w^mmm (a 
ld) Mwititr/i-i^^At-i f^k hi 

fmzstsimm i wes^d ram^ -w^isBi*- 

It. bV*1~fr7fr (TMA) V-XtH 2 0 

v-xrv. mi 3 v-xzmfe<D&fW)ffl. iixnfr 

XBMXi&X^. ±ii(^>TMAV~xm.A. H 2 oy 
-XtiiARtf\ NH 3 #X y -XgiiA WaltO n- =J(7) 
£^¥«ttmft£«A$tfl> 11*54 tClEi^D R A 

tl<D7fr S -Mi<7)«-£i3m§l ££fraj£-f £ gp a 6 f± . 
tmav-x, rt— : J^ H 2 oy-x. n-v. tma 

V-X. NH 3 y-XSl>\ A°-;x*<7)8&P B 6 £ 

[111*57] ±is<7)S^$it^y-x*'xsiAJi* 

(i. TA i-^A^o?^ F ( A 1 C 1 3 ) y-XtH 2 
O y-X5.V. N H 3 V-X£ffij£<omffl<7)ffl#XJifr 
XBBX-ffiXZlt. ±M7fri-V£.7uy4 F ( A 1 
C l 3 ) y-XgSA, HjOy-^SEA&tf. NH 3 #X 

# &iii*54 tcteooD r a M4f -v^cj/ ^«aa*s. 

[li*58] iiecOT/PS-^A^-^ F5-f F«fc± 



fr^-iyAfay A F (a I c i 3 ) y-x. ^-y, 
H 2 oy-x, r^s-W?D7>( H ( a l 

C 1 3 ) V-X, NH 3 y-XM. /f-yi08 

i- immz ± o . ±ia^msoff § £fitH-i>fif*54 
{cie«<7)D r AM^^^i/^we^ife. 

friy (argon) (Ar) v Xt±, ^»J^A (He) <Dd 

*> . v vf fo— ?-e& 1.11*54 i fcmi«3i7 tiaa 
[ift*5 i o ) *mft%m±izmmmmtiz~tm 

Iff : ±E^«S^#-b;L-m{5('IS^-r^ J: 3 <c^*- 

^->^)S§ix^»mJl±S8tS^lll« (ALD) * 
jST'T/US-^AtM F5W K (Al N) JISrJBjfcfi 
KPa 6 ; ±.Mcr>7fri-'yj±1-'( b yA Kl±»tCT^S 
-^.M-^tM F54 F (A l ON) J|£«&fct£& 
Pe? ; fci^fe^T/l^S-^A^dfv-f'f F54 FJ1± 

[91*311 l ] ±IB^r;us-^A^afv-t-f F7-f 

F (A 1 ON) «*»|£-t&gWii, ±Micr>7fr$~V 

15-f f (a i n) ^m^mssKvmmti& 
mz-ttsm^mi oicie^^DRAM^-v^-y^s?^ 

itm f — 1° >-^§ jifc'-K y v- 'j 3 yj-t-^ii^Ji i 

££{±11*111 0fciHa<ODRAMdf^yC>-^«J!rtr 
[|f*Ji 1 3 ] ±fS?)«®l(cA?-y ZBfctm 

ma. 

H*II1 ££{±11*111 OlClBe^DRAMdfA'-'N'y^ 

[»*« 1 4 j jjE*»*m:^->£j&s-rsa 
m^tsmmmiitzumm 1 otiaacoDRAM 

[W*II15] m^f#«m^^-v^^^-PDRAM 

v 'J n y^ffii: ; ±ie<7)x ^ -y ?XV is>J a >WM±3 
lzBf$LZtit;7fr$1-mt7fr$-'J~1~4 hy-i FJi 

•fSDRAMdf-WS'v-?. 

[ man 1 6 ] ±te<oa^^«fWBJ±, s 7— s 
^m7fri-*?A.i-4 by 4 F-mTmnmmi&kMt 

^jmrriii^i 5tie®«oDRAM^^^-v^„ 

[11*517] «?i*«8^.'\"i^£}$-3DRAM 



y mm b ; ±MZz *-/?X>) i s*)n >WM±.mz 
WtiLZtvfcTn'$.-<>J>-M Vy4 Kit ; ±ffiT;U5 

*isT-i h5-f H (A 1 ON ) Mb \±MlT)V*-'7& 

Vaymx-mtfLZtiKZ b tnttttlDRAM^-r 

[ff*Hl8] JJEO^v^iKy^'JayTOtt. 

1 7tCiaBODRAMdf-vyC^^. 

\tt&A 1 9 ] ±Ml<r>X9 -y?X0 is 0 O y«ffi«, 

ifcttltOTIl 7KIBtt<>5DRAM**ACi/*\ 

[00 0 1] 

[wsfc>jw-satiH»] *«»jui* 

[0002] 

[ ^*cois« i *gft««LL<o»Mi afc o sit $ n 

liM^f -W^? (storage capacitor)**,^'?" i>^ii> 
(design rule) ff)jtX\ Hf^fl^HlP^^fi?) 

[00 03] £<0j:3fc. frS$fifc£iai*iT\ 

[0004] tpffsaffl^-v^v^^sftffia^fli^-fb 

3-*4fctf>0-ttllfi: LT, 7rt> (Fazan) t»i, 
T^'Jrt^&EftifSIS, 2 78, 0 9 
X^y^fgitOTSBflSLLCHSG (hemispherical gr 

ain) is v a >m&imm-hzb izx<o. 

T^l>. 

[00 0 5] 4fc, *;S"7 (T.Kittawa) =Srifti, 1 9 
9 2^1* International Conferenceon Solid State De 
vices and Haterials^4sSW3»«>«iB9 OH. 9 2H 
(C. ? y^/l^ (tantal urn) gHtH ( T a 2 0 3 ) 

j; o %Mnw.fcm£ &m i tz 2 5 6 m f ? h d r a m 

R4fct±BST (Ba.Sr^JiOslftfllJ. IS 

zttfvmztLxmtf. ummmfrmzmmL. d 
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*T D 7y (step coverage) Sr^O^y^ 
/HHL88£S83i1-S&fc. ^ffiSKlpI® (surface kine 
tic regime) C9$EfiT'S>6ffljS (low temperature) X' 
lt¥9$®MMJ)3i (CVD ; chemical vapor depositio 

n) x-mmmmhztizx^ mmxzmmw^ 

-f FnZj—tfy (hydrocarbon) <D?f JSfl^StSISlSI. 

t . si««*yy (uv o 3 ) airaatesaasr- 

»y? (dry 0 2 anneal) % b'&Xmtf&RIZtLX V* 

h. mmmT-oyfzmixfyffrWi 

*$tt£ft±;S-ti\ T'l'-yiMR® (grain boundary)*?) 

Easfu imi«#-jiji<#i*$*i&«>t\ mats 

[0007] B STMWfctt. fg^&&8fttt£ 

ilfiltSfc#>fc. W-yh^-KI (Schottky barrier 

hei ght ) <r>±% \ ^mm&nmmtfsmx'h h . 4 

fc, ^W&b-#')i/y^y<rmz-*-\ y?im (oh 
mic contact) cotz^coM . RVWMb >■ U 3 yfg 
c0fb^»RJ£$:K±1-|.^WN 'J T^< (barrierm 
etal) ^ffl* { !^RT*l>. 

[0008] JJEOB STmmSjfili. * r^yM 
TSPfllffiffM^/trt. MIM (metal insulator meta 
l)ffiit^*i:LTfc ( 9. wmLtzfyffrWim 
{±, MIS (metal insulator semiconductor) XtiM 

DRAMiecafflts^tui. mtfnisv^yffim 

( S i 0 2 ) aVONO (oxidenitrideoxide) 
JSfflSil^. ^'Jx'j3 ySrf'Jffl L?t! SIS (semicond 
uctor insulator semiconductor) ^Js7l) J 3Sffli±i3fc^:< 

[0009] 

<^Z*m±^h^mmbtiX^ht>^ HlSr#as 

wsfzmfti-ztMz. mmmimnmz (equiva 

lent lox)£m< LWWa%t>%»Zbtfftfri>. I 
mZ (equivalent Tox) ^»0«itfcJt LT t. . ^ff=5r 

[0010] &tz. ft3|W)i|m*DRAMIgKSfflS 

^t v ^*«tt.-K 'jis'j? yZT&w&izmmixm 
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mmmmmzmm l£^^?coi^#?s««d ra 

[ooin l^^t, *mi<omi<7)Bmt. 
«¥g&D r AMxmzmmz zttfx-z zmnwrn 

WMxmm& *s 'j ^ > *mth z t tfx-z . a»%n 
mmmwrn-thzbizhh. 

[0013] **BH05»3^)BWJi, ±E» 1 <0BWK 

o* - jKy<^WHrt<oKei8iHS:ft/jvfl: . mmm 

[0014] *JMfc«54«)l«tt. ±E»l«>BWfc 
Jn^.T. f&btoXfv? (stacked) MtttSftffl^-v 
A-^^coaUt^S-tl>c:k^<. ^oaM&sigfc: 
fcv vt t> . TaWffittK*)* 'Jy'Jayi WBth Z t 
, Lfci§SS1£PI8S#IS3: J«t LfcaiMSD R 

[00 15] 

f-ymi8.2titzmw§±.mzw.?mmm (atomic lay 

er deposition;ALD) ttXT^ii- ( A 1 2 0 3 ) Jf 
iT^S-^A-M F5-f F (A 1 N) l^tl^Rttt 

[0016] *%W<7)m<VgM£'£$.tZ>KMz. 

nmz&-t)i&mzm%.?&£otz^?-->7'i. m 

Kmnm±.mzm?mmm (ald> **ct^s 
a^m h f < a i n > mzmmum ■, innr 

-(F^FtAlON) ; *JJ:V±E 

<7>T^$-*7.M-*>^M F5-f HS±HBC#S12r» 

fc-i-ssBtftiM-* z t zftwit-ti d r am* 

[0017] #$^*«ffitf>BW£iil£-r Sfcftfc. 
*^BJ{±. IflSi^t^y^^ioDRAMSIl: 
V »T . ¥**tt««Lt ZtUzXf ••/■7# , Ji''j3 
>M&t ; ? y?;KD I'll 3 V.tEfetSfcJBlSS 



FtfUvUn >«C«j£S;h.* £ k SrWafc-*- 
&DRAM=**/AV:?£$lfrf &. 
[0018] ^WM<7)Z<7)i&<7)BW£]M$.i- &Mz. * 

mm. wMwmm**>^?£friDRAM$mizi5 

«fiSk ; ±fB<D* ^•^^'Jy'Ja y«ftJ:»t:»** 
ftfcT^i-^A-M F7-f Flk ; ±IE<?)r;PS-^ 

"M r-7>f F (AlON)lt ; iJSOr/l'S-^A^ 

hy-i m±.&lzBf8.2iitz?u-h (Plat 
e) ^y^U3V«ffTif|J«S*l&«:i:S^«ki-*D 

RAM^-W^Srffift-tS. 
[00 193 

[^B^HMcO^ffi] *^BJ^«SS«fflDRA 

[ o o 2 o ] @2-4 a, j&t&inm i mmizm\ 
DRAM**^y?<ow£ifW;i:n-tTW&Fmx'b 

S. 02 Z^mth t . *i*^«dER 1 0 0±Cy 'J 

(s i Oj> l o ijWBjft$frc*j»h «ff 
saw* -^s^srflijs-rsTaresfc ixwmmxo 

yijay (storage polysilicon) 1 0 21fiffi$L%tlX 
^S. ^LT, ±IE^Sa»-K l Jv'J3yi0 2RVffi 
*M8loi<o±3t:. T^SttAijOs) 10 3I* 5 

[0021] mmmt ix, iKmr^i-m 1 o 3 

(±. J!S^S^# (atomic layer deposition ; ALD) 
■ti$XJM*i> ZttfXZZ. T)V itl035:DRA 

M^^^isfcommmz&m-t&tzMzit. 

A*- U -y ^^ffT»««^rtK5RW-S^tt»*<^ 
X'MfBLX^&XJ*-/ ?— x )V7 (sputtering) ^ 

1 0 3^m^thtzib<om&mt lt, fl^«ffl«[* 

(chemical vapor deposition ; C VD ) ^Ti'j^fiffl'C 

coT)v$.i-mmo3\t. m-mws (ald) uxx 

Mf&.-tlZtWX'£&. Zcokolz. WtfMMfirtr&X' 

Wtf&tltzT)Vi+mt. (anwrphous) 

X\ XTVTW-V yi^ltl 0 0SStifi^<SKt^ 

[0022] H3I2. ffi^JHSt^-C^fiESiifcr^ 
S-t-llhStr^S-^A^ Fll 0 4 5rffM 
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y-is+j.- (in-situ) th£ oizmnrnzm 

fctlZblZX^X. A 1 2 0 3 /A 1 NS^mfrOT 
[0023] 04(2, yV-K-K'Jv'JriyJll 0 5<T> 
tzA 1 2 0 3 /A I N*S£i8mft5SJil 1 5±mz. F— 

fy^"$ix^lf J v 'J 3 y£i£rM..r t T\ dram 

* \>^?(r>±.unm i o 5 zmfcth . 

[00 24] 05tt, 04<^IIR18O${iOJk*0 
T\ 7fr$.i-m (A 1 2 0 3 ) 1 OSfcTA-S-^A^M 
K« <A1 N> 1 04£EWffig5t (ALD)J 
jSIcJ: 9. -JKlfJl (one atomic layer) CT)±% ZlZ$z 

itx-mm^&ztx\ B&ztiKA i 2 o 3 /a 1 nm 
[0025] JfwmmimtLx. r^^i-mi 03 

fcTVUS-^A-M h^^f Hill 04£&* 1 . 1 kf 

nflis.* ( ald) ttx°m&m%Lxm$L-$h 
ztizx*). ^+AcojfscoAi 2 o 3 /A i m-stm 

[ o o 2 6 1 H6(i, xmnmmmt ix. m?mm 

$ (atomic layer deposition ; ALD ) ^itJCfcV* 

x. a i 2 o 3 /a i ^m^mmmmmmhtz^ 
v-xyfx^xm^mbi-mmx'hh . @6^#bs 

L. a i 2 o 3 /a l N^!8«ttif!££Ji^®lg*:fc* 

t'Mtli^W^A>yy/ (gas pulsing) MM 

imth i . Tiftm Y )X'hh. 

[0027] -ftthh. <f\ yj<-<r>J±j)Z-mzmft 
■f&tztblz^ VZAZiih im%fix 5 0 3 VM 
fcs (pre-determined) y-X^XoEAIlif 

tC<J:0, r-lM^L-TA-S-^A (TMA. trimethyl 
aluminum)y-.X5 0 0i:H 2 Oy-.X5 0 1 , NH 3 V 
-X 5 0 2(i. -5g^rt3^*"X^Vl/Xff^t'«A? 
it. -fit-eitOy-^^aA^tlBjtC^-v (purge 
or purging) ffl*vStt#X5 0 4A i SA£ftl>. > 

[0028] *^cO»SWt LT\ #fflM#Xfttf, 
n-l/ijXX'Tibdv (argon) (Ar) > ( N 2 ) 
££{2^11 "7 A ( He ) <P<Dfi\i)*—?£tf.m-?&Zt 
t><X'Z&. 

[ 0 0 2 9 ] H6 Z^mtZ k . TMAV-^A'-y 
-H 2 OV-^A , -y'-TMAy-X-<A , --;^NH3 
y-x— > \'- >-'co 8 SPsW. Mft/^^SB-C^ 
A-f*>3ig*\ #(4^^^i:LT^8$tt. 
A 1 2 0 3 /A 1 Ntt&OTftitKttffSMU tfZJWi/ 

y/-nmm-A9iv5 0 5<nmmnzi.^x. jew 

[0030] "f -gco/fxv^vy^-f yVU 

Sr^T-fSSrtt. A 1 2 0 3 /A I N<®££$tt<fc|g 
(22. 2A(1. 1 AH<7)A l 2 0 3 fc 1 . lAJf£7)Al 



awn*, *<DRmmz£*). msmmmmmz 
tfitmmizmmzx oizzzox-. mwmomm 

[0031 ] *%mzmm&Mt ix. w.=tmmm^ 
3Cta i 2 o 3 /a i K^mmmmmmhtzhn 

V—ZtfXX'fo-yXTMA (trimethyl aluminum) V— 
A<7)lt r )lZ7/l-$.-^A'7ny4 H (aluminum chlorid 
e. A 1 C 1 3 ) y-X^fifi»t4ii:3&«T*4. ZCO 

yL-S -^A^o^-f K y — X-*;\*— i/'-»N H 3 y-X— 

A-x*o8gpir£S3Mifti u a^sss*aw*»« 

[00 32] *fc.-TMA7-XSrf!JflLTJJeo*£ 

m*ttsis£»jitt-**^ 3 o o-4 5 o-c<^*ia 

-X<0tt9 IZTlUi-**; KlxiyA YV-X^Wmth 
*§£tCi2. 4 5 0-6 0 onff)MMWi,&immi Z b 

[0033] *m*vm i mmmtzx ->x&$& 

iXtz7)V^Wm±. fmSM. (amorphous) ®MX\ 

fflSWfX-CT-yy^ (annealing) XSSriift't^^ 

ttfflfc tT . 1 jlifiWtJ: oTJBjeSiifcT 

)V $ -ffl^ ^800 "Ct'S^r- 1> /"/J 3 o ^ranjfe 
HliOSt/f$S-«ft 6 3 3 . 0 n mc7)5t(cM 
LI. 6 4 0*^1. b92\,zmt^^hZbifX'% 

$ dox) twt'Htt&zttfmwx'* z. 

[00 34] T/US-riiJI&L ^'Jnyit« (S iO 

2 ) t ^ 'j 3 ymm ( s i n ) <m^mmm^it 

y— ■ HaU (Fowler-Nordheim) ^-f7°<^h>' 

<sm> «stx*-xAteBf s«i»iaBi (di 

electric breakda^n) ftfetfMffilZtc 9*?t^. Ltiifi 
ot. *«B*0»lHltMfc:a^A 1 2 0 3 /A 1 Nffi^ 
tt«*SM8^«fflLfeDRAM4r-WC^^iia{i, 

*!Mi*5»:riMiL^»-r<, r-^ • <p<»i 

-Frenkel ) Y>*>i>m®MfiiX*-Xl±tf%.t > jX&7)\/ 
= -^J^i-A h74 K (A 1 N) imiTtVi-t (A 1 
, 0 3 ) 1 3iftX'Bf8.Z it&ZtizZ^X. SWtff-C^e 

[0035] 07<i. *^0»25e*Wfc:ff 9 DR A 

mm i o o±K*jfi$#ifci^ o n yasffcn i o i a 
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t>\ *mfamt i o o±.mz^wm<r>y\y-y (heni 

spherical grain ; JjlT" HSG" t^o) £f$-?TSff 
Wmx 9 -y 9 ( stacked ) WHtmtitV : s U a ymm 1 
0 2#»j£3tlTV^„ 

[00 3 6] S^T. JJao^^-y^^BWsK'Jy'Jn 
flFPJMBtfc 3 > h o-^-r & £ t fc i o % 

a i 2 o 3 /a i Hm-£mm&mmt>Wf$.zti&. 
[oo37] H8tt. ^wRffi^mm^m d ra 

M*^\>-^Brffi0T'i>S„ 08 
flS^l 00±fc»j£Sfufc**y?;Kyx'j3yT» 
ttffil 0 2(4, «iIifi|*it*:S-£S*K, Rfii^ (cyli 
ndrical ) LTfc 0 . JJftOPMBB** v 

u n >Twmm i o 2 ±«fc , 1^0^*11**5$ 

T"A I 2 0 3 /A 1 N<0«£I»«#81l£JBj£$-££.ri: 

a<rs h. mimfmsn&jm 1 8 ouffit^ttsfe 

[oo38] 09-1 m, ^miomAmtmizm 
d ra M**>*i>'?<mfcfi ! fc*mA>-t jLW®mx-h 
%>« H9 jmhsws t . ^mmm looicyyay 
imur i o i jwiMSivcfc o , ««afaw*-v^^ 
zmm? nummt txmnmx o ^ y 3 > i o 2# 

0 2&tafi*l«l OlJiSfc. T/PS^-XMM 

K2 0 0#JBJii$;rVO>4. HatMfcLT. ±M<T>T)l 

$ ->?A-M r5-f KS2 0 0(4, K^WBaKra-CJB 

[00391010 ^#HS-t I, b , Iff? JISi##£"C3& 
#$;h.fc7/l'$-'>A-M hy4 HiI2 0 0£g?3g (O 
2 ) #fflSC^TtKfl:§-fr«. £ fc K J: 0 , ±ie<OT/W 
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